Summary A randomized intervention trial is in progress in Kerala, India, to evaluate the effectiveness of oral visual inspection by trained health workers (HWs) in the prevention of oral cancer. Fourteen health workers with college graduation as the basic qualification were trained in oral visual inspection to identify oral cancers and precancers among the participants of the screening trial and to refer them for further confirmation and management. The aim of the present study was to evaluate the reproducibility and validity of the screening test provided by the health worker against the reference oral visual findings of three physicians. A total of 2069 subjects who had already been examined were re-examined by the health workers and physicians. The sensitivity and the specificity of the oral visual inspection were 94.3% and 99.3% respectively. There was moderate agreement between the findings of the initial and the repeat mouth examinations carried out by the health workers, which were on average 6 months apart. There was almost perfect agreement (kappa = 0.85) between the findings of the health workers and the physicians in identifying the different types of oral precancerous lesions. The findings of our study indicate that it is possible to train resource persons to perform the oral cancer screening test as accurately as doctors, although experience appears to be a crucial component of health workers' accuracy. The efficacy of such an approach to reduce the incidence of and mortality from oral cancer, however, remains to be proven.
Oral cancer is the most common malignant neoplasm among men and the third most common among women in several regions of India (Parkin et al, 1992; ICMR, 1992) . It accounts for 10-25% of all male [average annual world age-adjusted incidence rate (AAR) 7-24 out of 100 000 men] and 8-15% of female cancers (AAR 3-13 out of 100 000 women). The highest worldwide incidence rate for oral cancer among women occurs in Bangalore, India.
Although oral cancer is amenable to primary and secondary prevention, this potential has not yet fully materialized, even in countries where it is the most common cancer. Preventive service delivery models, using the primary health care workers of the government health services, have been shown to be feasible in experimental settings in India (Mehta et al, 1986; Anantha et al, 1995) and in Sri Lanka (Wamakulasuriya et al, 1984; Wamakulasuriya and Nanayakkara, 1991) ; although this did not result in more staff being made available in practice (Mathew et al, 1995a ). The feasibility of using voluntary health workers in the detection of oral cancer has also been demonstrated (Mathew et al, 1995b (Mathew et al, , 1996 . To date, no randomized intervention study has been performed to evaluate the efficacy of primary and secondary prevention by health workers in reducing incidence and mortality from oral cancer.
Currently, we are evaluating a model of oral cancer screening in which the screening test, oral visual inspection, is administered by trained health workers (HWs) in a community-based randomized intervention trial in Trivandrum district, Kerala, India. Oral cancer accounts for one-fifth of all male (AAR 19.0 out of 100 000 men during 1991-93) and one-tenth of female cancers (AAR 8.5 out of 100 000 women) in this region (RCC, 1996) . This study, initiated in October 1995, aims to recruit 90 000 persons aged 35-64 years resident in 13 panchayaths, which are the randomization units. A panchayath is a rural administrative structure with a total population of 30 000-40 000 people. The eligible subjects in seven intervention panchayaths are offered oral visual inspection by the HWs and those resident in the remaining six panchayaths serve as the control group.
A total of three screening examinations at 3-yearly intervals are planned for participants in the intervention panchayaths. Those in the control panchayaths are only enumerated for their sociodemographic and habit details, and no planned intervention is provided for them; 32 000 subjects have been recruited into the study since September 1996. Here, we discuss the validity and repeatability of the oral visual inspection provided by the HWs of this study.
MATERIALS AND METHODS
Six (three male and three female) health workers, with college graduation as the basic qualification and resident in the study area, were identified for each study panchayath. Thus, 42 health workers from the intervention and 36 from the control panchayaths were selected for training. They were trained (1) to systematically enumerate households and individuals using a household form, (2) to interview the eligible subjects to elicit and record information on sociodemographic factors, tobacco and alcohol habits, past and present medical history and (3) to record height, weight and blood pressure.
The HWs for the intervention panchayaths (n = 42) were additionally trained in the epidemiology, clinical features, diagnosis, investigation and management of oral precancers and cancers to enable them to carry out the following: (1) (Mehta and Hamner, 1993) and a training manual prepared by the Community Oncology Division of the RCC in the vernacular Malayalam language for health workers in Kerala (Mathew, 1988) were used as the resource manuals for training. These provide descriptive and photographic documentation to identify the different types of oral lesions.
At the end of training sessions, written and practical tests were conducted to identify the best performing HWs. Based on the results in the test, two HWs (one male and one female) were finally selected for each panchayath. Thus, we had 14 HWs for the intervention panchayaths and 12 HWs for control panchayaths. The rest of the trained HWs have been kept in a reserve list for employment in case a HW leaves the project. The validity and repeatability of the oral visual inspection by the HWs was studied in the 2nd and 3rd weeks of May 1996 by reexamining 2069 (678 men and 1391 women) eligible subjects from among the 9000 subjects already recruited by the HWs during January-May 1996. These subjects were selected by choosing densely inhabited areas to allow re-examination of as many subjects as possible in 2 weeks. The time lag between the initial and the repeat examination by the HWs ranged from 1 to 6 months. The repeat examination on each subject was carried out by the HW who had performed the initial examination. All 14 HWs involved in providing oral cancer screening participated in the initial and repeat examinations. All subjects were aged 35-64 years, the mean age being 47.7 (s.d. 9.1) years. The HWs and doctors visited them in their homes, and the HWs performed the repeat screening test and recorded the findings of oral visual inspection. This was immediately followed by an independent examination of the same subject by the one of the three physicians (BM, KBS, RS) who had provided the reference test ('gold standard'): one of the physicians (BM) provided the reference test for 699 subjects, the other two provided the reference test for 681 (KBS) and 689 (RS) subjects
The reproducibility of HWs' examinations and their agreement with medical officers' outcome was measured using kappa statistics (Fleiss, 1981) . Kappa values of 0.4-0.6 represent moderate agreement, 0.6-0.8 substantial agreement and 0.8-1.0 almost perfect agreement (Landis and Koch, 1977) . The sensitivity and specificity of the oral visual inspections by the HWs were calculated by pooling all the results as well as by stratification according to HW male-female team, sex and age. The difference between proportions and confidence intervals was tested and computed by means of the normal approximation applied to the arc sin transformed values (Snedecor and Cochran, 1980) .
A correlation between visual inspection and pathological findings is not possible as biopsy has not been performed for most cases. Biopsy is performed for cases of nodular leucoplakias, erythroplakias and suspicious growths only, and this is currently being undertaken.
RESULTS
The concordance between the results of oral examination by HW at the time of initial recruitment of subjects (December 1995 -May 1996 and at re-examination in mid May 1996 in terms of referable and non-referable lesions is shown in Table 1 . The agreement between the two findings was moderate as evidenced by the kappa value of 0.53. Fewer cases were designated positive on the second testing (n = 229) than on the first (n = 380), perhaps as a result of accumulation of experience. Tables 2 and 3 . When looking at single types of lesions, agreement was also very good, as evidenced by the 'kappa' statistics: for homogeneous leucoplakia, kappa = 0.84 (P < 0.001); erythroplakia, kappa = 0.81 (P < 0.001); ulcerated leucoplakia; kappa = 0.83 (P < 0.001); and submucous fibrosis, kappa = 0.94 (P < 0.001). The maximum agreement was found for diagnosis of submucous fibrosis. The overall agreement between the HWs and the doctors in identifying the different types of lesions was very good (kappa = 0.85, P < 0.001).
Findings of oral visual inspection by the HWs and the doctors are compared in
There were 212 (10.3%) subjects with true positive lesions (as classified by the three physicians) among the 2069 re-examined; 12 subjects with true positive lesions were missed by the HWs (Table 3 ). There was almost perfect agreement between the physicians and the HWs in designating subjects positive or negative (kappa = 0.89, P < 0.001). The overall sensitivity was 94.3%, specificity 99.3% and positive predictive value 86.6%. The values of sensitivity did not differ significantly by age (96.8% for those aged less than 50 years and 92.3% for those 50 years and above) and sex (95.4% in men and 93.2% in women). However, the specificities were significantly different when examined by sex (96.7% in men and 93.2% in women) and age (92.3% in those aged < 50 years and 97.3 in those aged 50+ years) (P < 0.01); however, this seems to be a reflection of large numbers of negative findings, and hence, for all practical purposes, the specificities were comparable.
There was no significant difference in sensitivity, specificity and predictive values of the screening test provided by the seven HW teams; sensitivity varied from 88.2% to 97.5% and specificity from 96.9% to 98.9%.
Comparability of findings of oral visual inspection by the three physicians who provided the reference test was examined by studying the agreement in the results of mouth examination of 100 subjects. There was almost perfect agreement among the findings of the three physicians, as indicated by the overall kappa value of 0.85 (P < 0.001). (Fernandez Garrote et al, 1995) . As oral cancer is an important problem in India and South and SouthEast Asia and in certain other regions of the world, and as the mortality from oral cancer has either remained stable or increased in different regions (Coleman et al, 1993) , there is a need to evaluate oral visual inspection for its efficacy in controlling oral cancer. The objective of the present study was to assess the ability of HWs employed in the intervention panchayaths of our trial to identify referable lesions, as satisfactory performance of the screening test is an important aspect of the screening programme. Hence, we wished to validate the performance of the screening test provided by HWs in terms of sensitivity and specificity and their ability to identify the different types of intraoral lesions. If we had found the test characteristics to be unacceptable (sensitivity <90%, specificity <95%), we had plans to retrain the HWs by organizing another intensive session. However, the high values of sensitivity as well as specificity, by both pooled and stratified analysis, and the high level of agreement between them and the physicians in identifying the different lesions reveal that our HWs have acquired good skills in providing oral visual inspection.
Health workers (HWs) employed by the government health services have been used in previous studies to address the feasibility of using health care auxiliary personnel in the control of oral cancer in India and Sri Lanka (Warnakulasuriya et al, 1984; Mehta et al, 1986; Warnakulasuriya and Nanayakkara, 1991) . These studies have proved that trained HWs were capable of carrying out a proper mouth examination and of identifying lesions.
In the earlier Sri Lankan study, 29 215 (33.6%) of the 87 277 eligible population aged 20 years and above were examined by HWs (Wamakulasuriya et al, 1984) . Some 565 of the 1220 referred subjects were further examined by dentists: 338 (60%) had oral precancers, 14 (2%) had cancers and 213 (38%) had benign or no lesions. Almost similar results were obtained when this model was reproduced in another region of Sri Lanka (Warnakulasuriya and Nanayakkara, 1991) .
The performance of mouth examination by HWs has been assessed in a previous study in Ernakulam district, Kerala, India, by Mehta et al (1986) . Re-examination of a sample of 1921 subjects by dentists, from a total of 39 331 individuals examined by HWs, revealed that visual inspection by HWs had a sensitivity of 56%, specificity of 98% and a positive predictive value of 30% to detect one or more of the following lesions: nodular leucoplakia, erythroplakia, submucous fibrosis and growths/ulcers suggestive of oral cancer. Our results compare favourably to those reported by Mehta and co-workers (1986) .
A long-term feasibility study to evaluate the role of government HWs in the early detection of oral cancer in Trivandrum district failed to motivate the HWs to provide oral visual inspection and to refer subjects appropriately (Mathew et al, 1995a) . More than 90% of the trained HWs did not participate in the programme at all.
Two recent studies from the UK reported sensitivity of 71-74% and specificity of 99% for oral visual inspection administered by dentists (Downer et al, 1995; Jullien et al, 1995) . Dentists in the Cuban health services provide the screening test in their national oral cancer screening programme (Fernandez Garrote et al, 1995 In our study, the agreement between the results of oral examination by HWs at the time of accrual of subjects and at repeat examination was only moderate for several reasons. Repeat examinations on each participant were performed by the same HW; therefore, variation between HWs is not a cause for disagreement between the initial and repeat examinations.
The two examinations by the HWs were performed on average 6 months apart, during which time HWs had accumulated further experience in identifying lesions; it would not be surprising if their performance improved. Some subjects had either stopped or reduced tobacco and/or alcohol habits in response to the intervention programme, and few subjects were consuming vitamin A; hence, their lesions may have either disappeared or transformed into another type. Lesions in some subjects might have also progressed. Hence, some variation in the findings on the two occasions is to be expected. Conversely, the HWs second examination and that of the doctors were all performed at the same time; they were examining the same subjects and the same lesions.
We believe that a critical appraisal of physical examination of the mouth for its efficacy in reducing mortality from oral cancer is important in the consideration of its inclusion as part of the primary health care provided by the primary HWs (who are already overloaded with several responsibilities) in regions where oral cancer is common. The present investigation confirms the observation that HWs can be adequately trained to identify oral lesions. The ultimate aim of our intervention trial is to evaluate a primary health care approach with suitably trained HWs to determine whether screening of this nature reduces mortality from oral cancer.
